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CIENTIRIC U r &

H. K. Kallrann,® W, W. K3llogg, R. Rapj, 3. M. Greenfield
The RAND Cororation, Santa Monica, Calirornia, U.3.4.

Professor Sydnsy Chapman has given a Jesorijtion in
Nature on August <22, 1453, and January 38, 1355, of tue
sciantific efforts wnich are beinyg maae by scae forty natione
fur the International Geophysiocal Yeur (IGY) to be held in
1957-58. Siunce the Special Committee for the IGY of tne
Interrational Council of Scisuntvific Unions at its meeting in
Rome in Septexber, 1954, recomasnied the use of a small
earth-circling satellite vehicle for basic scieuntific
Gbservationa, the probler hes baan brought closer to worxers
in various fisids of eci¢nce. The announceuszt of President
Eisenhower on July 29, 155%, of piane in the U.3.A. Ior tae
construction of an earth seteliite vehicle for use during
the IGY ~»as enthusiastiocally recsived by soiuntists all over
the world.

Tre aatellite project is programmed by the U. 8.
National Committee for the International Geophyuioal Year.
Ths Nationai Conaittee, whose memvers conalst ol scientists
from universities and otner learned inatitutions, hus been
ajpi;ointed by the Nutional Acadamy of Sciences of tne United

States. Pinancial support for tue sciantifio program is

L
Consultant to The RAND Corporation; member of tne
Institute of Geophysios, Univereity of Cesifornia,
Los Angeles.




P-T33
9~6-55
2,
provided by Congress through the Naticnal Science Founiution
a8 the approjriate Government agency for sjponsoring basio
risearch. The De artuent of Defeunse #ill give tué necessary
logistic su;pors.

Some of the reasona for tne universal interest in
this project will be apparent from this paper, whioh gives
a aesoription of the more imjportunt observations which can
be malde from an artifioial satellite, und diasousses tue
ueeful application of these obaservations to socisntifioc
problems.

Apyaratus used by scientists for ubaserving from tae
grounid the upper reaches of our atmosjhere, our planetary
syetemn, anl the galaxies have uwluost reaocued their u,per
limit for eigeée and capacity because of the physical limita-
tions induced by the ever-present atmosjhere.

However, above the eurth's atmospuere, at an altitude
of 300 to 500 miles, the effect of the atmosphere 1is
practically negligible. Por exanmjle, Spitzor,(l) of tue
Dejpartment of Astronomy at Princeton, kas calculated tnat
& 40-inch telescope flown at Suu miles altitude ocould
resolve objeots that are only one-tenth av lurge as the
spallest Object ~hich the 200-inch telescoje ojerating from
the ground can no+ resolve.

Now, thae truansportation of u 4u-inocun telesocoje to
5C0 miles above tne earth's surfuce Jode not ut ,resent sees

very feasible. Hosever, tlere are many ways in wsbtion, on
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tLe basis of our present-day knowledge and means, an
artificial satellite oould provicde information nct obtain-
uble from any other gource. AltLhough the rooxet reaearch
program has male great oontributions to socience, it may be
said that rcckets, because of their short stay at the
rejuired altitudes, have allowed us only a glimpse of the
unknosn, showing the tremendous possibilities inhereat in

a continuous observation station in outer sjpace.

SOLAR RADIATIOR IN THE ULTRAVIOLET AND X-RAY REGION

A measuremsnt of great jotential value to various
branches of science is that of the radiation in the u.tra-
violet and X-ray region of the s,eotrus reaching our atmoas-
yphere from the sun and its corona. At present, we have no
clear knowledge of the intensity of this raaiation due to
the fact that virtually all of it ia absorbed by the atmos-
phere. 7This very aot of absorption produces reactions in
our upper atmosphere that contribute substautiaiiy to the
formation of the ionosphere, ana therefore nave a direot
offe0t on radio oommunicafion. Thne effect of tassc reactions
.8 projagated downward to lower levels and thus has an
iniirect effect on the weatner of our planes.

An artifioial satellite, able to measure over an
extenced pericd of time not oniy the raaiation entering the
atxcaphere slen the sun 1s Juiet, but ais¢ the radiation

emitted during solar flares and otner solar diaturobances,

would be of vital help in the understanding of raiio
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blackouts and might provide a clue to the gorrelation cf
weather phenomena and specific solar saotivity. The ocontin-
uous vertiocal shifting of the lonized layers with lutitude,
season, and ticae of day may be explainable from thease
observationsa, in which oase better predictions for communioca-
tion purposes could be made. Purther, measu.ements of the
unabsorbed radiation in this syectral region woulu help the
astronomer improve his'dcduction of the densities and
temperatures present in toe photosphsre, chromoasphere, and
corona.

The rethods used to detect solar radiation in the
atmosphere depend on the wavelength region of interest and
on the altitude above the earth at whicn tnis radiation is
observed. At an altitude of about 250 miles practioully the
entire spectrum of radiation emitted by the sun and its
ocorona should be present, since the air density is ao low
that only a small amount of the radiation could Lave been
absorbded.

Ultraviolet radiation in the interval between 2u.0 %
and 3800 £ can be detected by a;octrographo.(‘) Below
2000 1 the presence of ultraviolet and X-ray radiation oan

be detected by means of a trermoluminescent phoaphor, Ca80,:Mn,

4
wiich has the property of being sensitive to wuveiengths below,
but not above, 1340 R.(j) Tre excitution energy stored by the
phosphor can be released by heaiing aind measured by means of a
pbotomultiplier; thus tne respcnse gives a measure of tae ultra-

‘violet radiation to which the pboshor ~aus exposed.
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XI-roy and extreme ultraviolet radistion oan also be
zeasured by photon oountor..(‘) A V=2 rooket, fired in
Septembder, 1949, ocarried a set of photoa-counter tubes waniech
were sensitive to radiation in the soft XI-ray and extrese
ultraviolet region. Raoch tudbe in such a set responds %0 &
narrow portion of the spectral region in one °of the four bands
covering 0 - 10 £, 1100 - 1350 £, 1429 - 1650 R, umd
172% - 2100 {.

"Day sirglow® light in the visible region of the
speotrum at great altitudes ocan also be odbserved by means of
radiation detectors provided with proper filters. RoCket-
borne equipment has been used for airglow obLservasions in the
experiments conduocted by liley.(s) The information was
telemetered to fﬁ. ground , along with rooket orientation data.

BLECTRON DRESITY MEASUREMEN2S

Measurerents of electron densities and tueir continuous
variation with time and height play an imporsant part in the
study of radar and oommunioation problems. The effective
frequency of collisions between neutral and ioniaed particles
in the atmosphere, which can dbe taken as a messure of the |
attenuation of radio waves, can be deduced froa eleotron
densities, 1f the neutral particle deasity and the effeotive
collision oross-seotions are known. Eleotroa densities are
related to the total number of ions ,rodwoed By the radiation’
from the sun and its atmosphere and also t¢ the effestive

rogoebination coefficient, which determines the rats at sbich

ions and eleotrons recombine to form neutral atoma. All of
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this information is needed by the upper-air physioist %o
advanoe our knowledge of the ionosphere and by the astronomer
to adrance cur picture of the sun.

The determination of eleotron densities in the
fonosphere (the region between 70 xm and 300 to 400 km) is
essentially based upon the eleotromagnetio wave propagation
theory. The Appleton-Hartree fornula(6’7) gives a relation-
ship bdetween the index of refraction of the ionoephere and
she free electron density, the relationshipy being a funotion
of the frejuency of the electromagnetioc wave. 3y sending
Swo pulses, one at such a high frequency that it has an index
of refraction of essentially unity throughout the ionosphere,
and the other at a frequency well above the orisical freyuency,
and by measuring the difference in tine of travel tc the
ground of the two pulses, it might be powsible $0 get &
measure of the total eleotron density along the path.

Bcddon(a) frosd the Naval Research Lsboratory in
Yashington, D. C. has sucoessfully used a OW-frequenoy systea
with rookets. By sending a low frejuency and its multiple
(say, six times the low frequenay) from the rocket to the
ground, and observing the shift in freyuenoy of the original
low one at ite time of arrival, one obtains thoe index of
refraoction along the path. From the continuouse variation of
the refraoction index with altitude, the ocontinuous variation
of electrson density with altitude can be deduced.

A satellite with the eimple two-pulse eystem or a OW-

'troqucnoy systen oan give a broad-ucale and continuous pioture

I wm&m» e
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of the total elesotron density or "thickness® of She ionosphere,
& picture which at present can only be sstimated dy means of
eignals sent up from the ground and reflected froms the
ionospheric layers. Recent experimental results attained by
means of rookets indicate & large diserepangy detween the true
height of these ionised layers and the apparent height deduoced
from observations made from the ground.

Diffioculties in interpreting the data may arise
because of the oblijue arrival of the signals froa the satel-
lite as it approaches or recedes from an observing statioa.

These difficulties can be avoided with sounding rookets.

PRESSURE, DENSITY AND COMPOSITION MRASUREMENTS

The thermodynamic state of the atmosphere is determined
by & knowledge of the distridbution of pressure, density, mean
moleocular weight and temperature with altitude. It is not
possidble to measure direotiy tae temperature 9f a gas as
tenuous as the atmosphere at 250 miles, 80 that attention
must be foocused on the gthor three parameters. Qf thesse three,
the most diffiocult is prodbably she ocomposition whioh leads to
the determinaition of the mean molecular weight.

Mass sjpectrometers have been used in rooket research
and ocan be ocarried in an artifiocial sateliite. VWith the help
of these instruments it ie possidble to observe the mass number
of the ionised particles and their relative abuniance, though
such an experiment at the altitude of a satellite would require
& considerable extension of ocurrent techanijues, particularly

because of the large mean free path of the air partioles at
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these aititudes and the weight of jresently available
ejuipmant.

Given the composition, either dy measurexasnt or de-

duced from thesoretical considerations, the remaining variables

or
cr
[ 1]
"

TROUyLamic stats are the pressure
and density.

The pressure of the stmosphere has dbeen measured
directly up to about 100 km by gauges sersitive to ressure

6 am B;.(9) However, pressurs gaugee of higner

as low as 107
sensitivity (approximately 10710 um Hg) are under development
and might be uaed on a satellite vehiole to measurs the low
pressure that has been eetimated to prevail at greater heightas.

Above 100 km, ram pressure, caused by the extremely
high epeed of the vehicle, has been moasured at tne nocse of
a rooket, and the densities have been derived froa these
measureaenta. The greater speed of the satellite, which would
oreate ram prsesures several orders of magnitude higuner tnan
the ambient pressure, aould be of advantage in jreasure measure-
Rente as #ell as in nass 8,8ctroscoyy.

A relatively simple experiment whion mi ut puy great
dividends i3 the discharge of a large-volume, iow-i488 3jaeriocal
body, say & balloon, jo3sldbly made of watul foil, Jrex woe
datellite. T:is drag furce 0on 3uchL 4 DOy, 3Za.d av it uiznt
be, ioculi be large compured to thLe dray L.orce on thu date.site.
If Luch a body .e¢re to ve towed for o few rovolutious, tne

tension on the tow line wcula be 4 L@uuulvd O Puo ditlerential

drag ani couil be teiczetered tc tne eurtin Lo provide datu on




P-733
9-6-53
9.
sir density. If the body were thsn cut fres from the
satellite, the differentisl drift c¢f the balloon from the
body, as odserved from the Jarth, would provide measuremsass
of the air drifts at these extrems altitudes.
After the balloon is freed “vom the satelliits it
would be subjscted to the motions of the atmosphsre, and the
psrturbations of the balloon's orbit would parmit estimates
of the mass movemsnt of the atmosphere.
Ons of the attractive featurss of ejecting a balloon
from the satellite is ths fact that muoh iuformation could
be obtained without any Selemetering. 7Ths comparison of the
orbit of ons small, heavy satellite with another large, light
sateliite in she form of a balloon, as dstermined froam ground
observations alone, would provide direct evidsnce of at=ss-

pheric drag effeots at the orbit altitude.

COSMIO RAYS

Ever since cosxic rays wore discc 'ared some forty yeaxs
8§80, questions assoociated with the nature and origin of this
radiation have been among the most intriguing in phyeiocs. An
answer to these questions might give a knowladge of the highest
voltage gonerative force in the universe, ani jerhaps evea a
better insight into ths anocient question of the origin of the
universe. A study of the behavior of primary coamioc ray partioies
would also further our understanding of the fundamental foroes

whioch bind sub-atomic partiocles.
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Rocket instrumentation has yielded sporadic odbserva-

(10) on artificial satellite at

tions of primary cosmic rays;
great altitudes making prolonged observations would be the
ideal research %00l in this field becauss it has the ability
to rapidly survey the intenaisy distribution of incoaing
primaries, and oonsequently the effect on them of the earth's
magnetic field. Time variations of cosmio ray intensity oun
be sensed from such a satellite, an observation whioh would
have an important application in studies of the correliations
between sclar and geomagnetic aotivity.

Observations of heavy primary particles such as prctons,
alpha-particles, a.d heavier nuolei are made by means of oloud
chambers, ionisation chambers, Geiger oounters, Geiger
telescopes, and photographio emulsions (the latter requiring

physioal recovery of the film).

THE ALBEDO OF THE EARTH

To date, reflection of sunlight by the earth has deen
oaloulated from estimates of the reflaotion from clouds, ooceans,

(11)

" snow fields, forests, ato., or by the earthshine reflected

from the dar™ side of the loon.(l‘) Zheee technijues, useful

as they are, have serious limitations, as discuseed by rtitl.(lL)
A satellite vehiole would have an unobstruoted view of the
earth and sky, so that the radiation reaching the earth froa
the sup and the radiation refleoted from the earth back into
space oould bs measured.

The¢ measurements taken from a dbolcmeter yointing toward

the sun would provide a direot dotorninition of the so-called
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solar constant, and possidly information as to its variasioa.
The measuresent of the incoaing energy, the rotlootod(l’) and
back-scatterei energy, and the outgoing long-wave radiatiocn
#ould provide the necessary energy data for studies of the
thermodynamio state of the earth and ite atmosyhere. 4n
acourate knowledge of the energy bale.ue of the earth-atmosybere
aystem for even a short period would 4o muoch 20 advance our

knowledge of the energy conversion mechanisa of She earth-

atmosphore aystea.

OBSERVATION OF METRORS

Meteors are observed from the ground by the visible
light and ionizasion thiey cause when entering the earth's
atmosphere. High-s,eed telesocope caxeras and radar eguipment
are used for observing these oftooto.(l"ls’l‘) The brightneas
of an iniividual meteor is determined by comparison with a
standard dbrightness--that of the sun or a star. %The bright-
ness is measured in terms of stellar magnistudes. Jor example,
the sun has a magnitude of -27.7, the full moon of =12, and
Venus, at its brightest, of -4. The radar signals sent up
from the ground ara reflected from the ionisation trail of the
meteor or from the cloud of eleoctrons around the large notooroidl.(l7)
It 19 obvious that enormoua difficulties are sncountered
in deterxining the number, masses, and densities of meteors
entering the earth's atmosphere jer day, on the basis of these
rather limitel observations. Tslesacope cazerus oover only a
small region of the sky at a time, and also are lizited as to the

order of magnitude to which they can see. BRaaar observations are
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hampered by the faot that for emall partiocles tneir jath
must be perpendiocular to the beam; otherwise no signali will
be returned.

Several pleces of information are aissing in in the
study of meteors which would greatly sdvance this partioular
phase of scientifio endeavor. PFPirst, from a determination of
the total number of particlee whioh impinge on an artifioial
satellite of a known exposed area during s known time interval,
the totsel axzount of dust entering the atmospghere oculd dbe
oaloulated. There is recent evidence that more dust enters
our atmosphere than we have 80 far assumed. The old guestion
Eay be answered of how much, if any, of the dust ocausing the
sodiacal 1light effeot drifts down to us. Observations made by
the satellite during the time of known meteor shower ooourrence
would be helpful. Information on velooity and direotion of
particles, if it could be deduocei from impaot measurements,
would add greatly to our knowledge of these showers.

There 18 a more or less persanent componeat of the
E-layer, present at night as well as during the day, whicn has
reoently been exploited for VHF radio propagation. Part of
this component is probably due largely to meteor ionisation,
though there is some Juestion about the mechanism and the
nurber of metecrs which are involved. Aotual observations of
zeteors in the small size range would improve our uniserstaunding
of tne phenomena in tuis im,ortant new fieid of rauio oommunication.

The impact of mateorites and micrometeorites on tiae skin

of an artificial satellito can be zeasured by means of microyhones.
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The method of detection leveloped at Teaple Univcroity(le) for
rocket experiments is t0 use & tuned amplifier and a orystal
zicrophons having a peak response at toe same frequenoy as
that of the tuned amplifier. 72The information can be tele-
metered. The number of pips observed in the teleastered recorxd
would give the number of dust particles eanccunter«d dy a known
area over a known period of time. 38ome orientatiosn inforse-
tion would be reyuired,

A more elaborate ex eriment could be devised whioh would
give data on size and penetration of meteoroids. Jor examyle,
if a suocceasion of diaphragme, vach of whioh would aot like a
miorophona, were expossad to a swarm of small meteors, the froat
diaphragm would record all impacta. At the same time, it would
be pierced by the meteoroids with higher energy. The next
diephragm would record these, and would in turn be jierced by
the more penetrating ones. Depending on the arrangezent, one
oould obtain a rough frejuency dissridbution of the penetration
charaoteristiocs of meteors over a range of penetration thiok-
nesses. 7This sobems is presented merely to show what might be
done. The data obtained by this method would de extremely
valuable in the interpretation of meteor studies.

Other types of information cocnocerning meteors oan be
obtained by uue of a soientific satellite. Artificial meteorites
can be ejected from the vahicle by means of shayed charges. It
nhas been suggested that a 10-1b charge will produce a ayray of
szall partiocles of various asizes whioch will move with velcoities

comparable to the velocisy of meteors entering the earth's
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atzosyhere from outer space. Ae these artifigciul zeteors
enter the dsnuser portion of the atamosphere, they will produce
visibls lizht and doniszsation between 100 and <00 km, deyending
upon their size and the density of the material used. Tae
visible radiation and the ionisation can be observed froa the
ground. It should be added, however, that such an experizent
could prodbably also be done by a sounding rooket whioh attained
velooities and altitudes siamilar to those of the sateilite.

MRASUREMENT OF THE EARTH'S MAGNETIC PIELD

Two obviously important applications of magnetic field
measurenents oconcern stuiies of coamic rays ani stuldies of the
interastions between magnetio diasturbances and the oonditions
in the iomosphere. Sinoe the earth's magnetic fisld has an
influcnce on moving charged partiocles, it 1s clear that it
influences incocaing protons, alpha particles, and possibly
electrons, which make up the primary cosamic ruys.

Moreover, there are very significant variations in tais
field due to ocomplicated interaotions betseen tne motiona of
oharges in tne upper atmosphere andi the geocmagnetioc field
itself. It has frejuently been pointed out that the wiands in
the ionosphere, wshioh ocarry charged particles across the msagnetio
1iaes of force, makd the ionosphere behave like an electrio

tenorator.(lg'ZC.ZI)

The ourrents wanich are generated then
produce magnetic fielde, which are mesaured at the eartn's
surface as perturbations on the steady field. These erturba-
tions becoxs partiocularly noticeadbie during "magnetis atorms,"”

and pay amount tc a8 much as 1U per oceat of the yermanent com,onent.

1 _d
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Trs distribution of thees asleotric currents and #ind
aysters ie only partially underetcood, and it is certain that
much ocoulil be learned about them from high-altitude magnetio
observations. In fact, the existence of a "current sheet"
between 80 and S0 km near the geomagnetioc ejuatdr has already
been lemonstrated by such a technijue with a sounding rookot.(lg)
It would probably be particularly useful to follow the whole
course of a magnetio storm from the altitude of a sateliite.

A rooket-borne total field megnetometer has been
Jeveloped and used by Maple, Bowen and Slngcr;(lg) and by
rraoor.(zz) This device is independent of the orientation of
the vehicle. The new VYarian nuclear resonance magnetoacter i»
designed to give good accuragy with less weight. %The Varian
devioe has not yet been tested in rockets. Either of these
devices could conceivably provide telemetered data on the earth's

xagnetic field at She loocation of the satellite.

ARTIPICIAL SERDING OF THE ATMOSPHERE

Yor bcttgr or worse, it has alwaye been aan's desire to
oopy nature. HNature is dbeing oopied in the laboratory all the
tize; however, the chemical ladoratory has not yet been extended
into outer sgace. Kany of the implicationc of artifiocial
secding coniucted in the free air in an unbounied chambder and
unier oconditions of pressure unattainabdble in the ladoratory have
been pointed out dy J. Kaplan, of the Universiiy of California,
Lo3 Angiles. 3ince rockets have beoome availabie as Iesearoh
tools, artifiocial seeding, i.e., the syraying of material iato

the atmosjhere at high altitudes, hus been made poessible.
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The reasons for the great interest in this new area of
research are manifold. Chemiocal and photochemical reactions
which oocur at high altitudes are the bacibone 0f all theoretiocal
researck of the upper atmosphere, which tries %0 explain and
eventually to predict the observed phencuena. These reaotions,
which change not only with altitude but also with the time of
day, the seasons, and latitude are ocomplex, and relatively
1ittle ie¢ known adout them. Based on kunowledge and great
ingenuity, acceptadle explanations for some of the observed
phenomena have deen made in the paat.(23"‘) Certain experi-
sents performed under specified conditions and obeerved froa
the ground would further our knowledge in thie field.

Por example, in 1950 David Bates of the Univeraity of
Belfast submitted s proposal to the Rooket Panol(‘S) suggeating
the artifiocial altering of the amouat of stomic sodium in the
upper atmosphere. It is a well-known faot that a part of the
twilight and the 1light of the night sky is produced by sodium
atoms emitting radiation in the visible region of the speoctrua.
Sodium has a low ezoitation potentiel and emite light in the
vieible region of the epectrum whioch can be observed from the
ground. HNature has provided us with sodium atoms in outer s,ace
from unknown sources. JFrom a high-altitude vehiclie we occuld add
a fow more of these atoms and determine the concentration neoces-
eary to produor the observed effeots. In fauot, tne first
ex,erimens of this type bas besn performed very recently froa
a sounding rooket, and visible light bas been obuerved (unguolisned
Rocket Panel Rejort).



@EODETIC MEBASUREMENTS

Although the most obvious uses of tne satellite
vehicle are those connected with exploring the u,jer atmos-
phere and the space deyond, a very iajortant funotiom would i
also be to assist in determination of the sha,e, size, and
constitution of the eurth itself. These laust determinations
woull require no telemetering of data from the sateliite; the
only requirement would be to track tho sateliite with great
aocuracy.

An improvement of our knowledge of the shaye and eise
of the earth has beea the goal of international geodeay for
many years. More precise knowledge of the gravitational field
of the earth would permit us to determine more acourately the
distribution of mase in the earth's oore and might nelp
indireotly to anawer problexs having to do with the structure
of the sarth, the viscosity of the ocore, etc. These extremely
complex problems will alwaye intrigue geophysicists, sinoce
they are 80 basic to a knowledge of the origin of continents,
the earth's magnetio field, ‘he behavior of the earth's orust,
the flux of internal heat, eto.

A great deal of our knowliedge about the density of the
earth's core and about the dimensions of the earth is derived
from careful astronomical observations of the disturbanse of
the moon's motion. Specifiocally, there are threev effeots of

the sarth's asymmetry on the noont(zs)

a monthly perturvation
of the moon's lutitude, a steady advance of tne perigee, and a

steady recession of the node. The laat two aere discyvered only
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recently, because they are partly masked by the much larger
effeots of the sun's gravity. In addition to these disturbauces,

the time of tranait of the moon over varioua points on the

earth gives a measure of the distances hetween these pointe

(provided we can know some of tLe other dizensions very l
accurately). In this way, for example, one oun estinate tne

distance between continenta, where itv is obviously impossiblie

to extend a conventional geodetic survey.

An artificial satellite, if it oouli be seen clearly }
during the tw«ilight period, s~ould have suverul aavantuges over !
our natural satallite. It is asxzaller, anu 30 measurewsnts of |
its position can be much more ; ecise; it 13 closer to tue
earth, which means that its motion will oe more affacted by tne
earth than by the sun's gravitational foroe; it travelis around
the world faster, so that one can get more observations in a
given time; anid the fuct that its orbit can be tipjed more with
resyeot to the equatorial plane wili result in a larger purturdba-
tion of ite motion, whick will give more grecise aate on the
earth's asymxetry.

Established obaservatories now apotted over the glube
" would offer ideal aites for these observatious. They wouid have
to inatall ne«s eyuipment or modify tuneir telescopes to track
the rapidly moving s¢tellitu, aud tnis woulu reyuire a consiuerab.e
redesign of the driving mecnanisws. In otLer raspects the
problems associated with this kini of observation wre familiar

to astronomers.

[
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COSMIC AND SOLAR HIGH-FREGUENCY RADIO NOISE

The use of "radio telescopes®™ his in a short time added
greatly to our knowledge of the universe and tae structure of
the sun. Tne radlo szectrun is in many ways more useful than
the visibla 3 ectrum for astromnoxicel stuiies. Howsver, the
ionospkeric cutoff of elsctromagnetic waves of Lreyusency below
5 Mc ia tantalizing to tke radio astronomurs. Many studies
cannot be comgleted until thne sjectrum of cosmic radio ncise
can be extended down into the high-frejuency, ani even low-
frejuency, part of the radio spectrum. To cite on: cuse in
peint, it has been sug;estedi that the sun emits radio waves at
a very low (audio) rrejuency, with waveliangtns corres,onding
to the direnasions of the sun iteelf. Althougk there are
several serious objections to this sugsestion, such as the
fact tnat the "claseical" magneto-ionic tueury predicts that
these wvaves cannot be jropagated tanrough interplandtary sgyace,
there are atill aocme phenocena which suggest that these radia-
tions may exist., The work oI astronorers and ioncajheriec
physicists will profit greatly frox a look bernind tne "ion-

curtain®" cf thLe Pz-layer at tue radiiations wnioch lie beyond.

Receivers uni antennas which could be sent aloft on a
satelliite to measure the hijh-frejyuency ani low-freyuenocy
s;ectru. below 5 Mo vould be relatively easy to desiyn. The
antenna, for example, coulld be a wulp antenna, cxtenied after
tue vehicle va» on orbit, und would be matcnea to tue vealicle
iteelf (presaumably a conductor), 80 that it would Luve a

reasonubly high gain. If the antenna wers very long, thLare
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would be a po8aidbility of direction-finiing by noting a sighal
null as the vehicle rotated. The weight of nqui,naﬁt ndoessary
to extend suoh an antenna is prohibitive, at present; naver-
theless, by such a teochnijue, provided there were orientation
information, one could determing whether tiLe source cof radio
emission was the sun or some "oosmio" source. In the cuse of
low=frajuency signals, Jdiffraction around tie surta would
supply directional information.

Tha actual fragusncies seleocted for study should cover as
wida a range as possibls. Individual freguencies could bdbe
received simultaneously and sorted out on the ground by a
harzonic analysis, or the satellite raceivers couid be tuaed

or switched in frejuency.

GENERAL CORCLUSIONS

The foregoing has been necessarily a brief sumuary of
the general areas of etudy which ars about to be opcned up
with the advent of tnhe firet artificial sateliitv. The pos-
sibilities for growth in this field are unlimitea, unu man is
entering an era in which new ideas, new technijues, and new
dlscoveries #ill hal, to advanos his kno.laige in many dif-
ferent fields of sci2nce. The first satellite ~ill yrobably bpe
fairly limited in payload and perfornance, and the observations
may be meager, but it will be & miluastone in tecunical uevelopy-

ment for the advancement of scienco;

.
¢
} BR———
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